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[57] ABSTRACT 

A novel apparatus and method is described for record- 
ing a pattern of track positioning servo signals at select 
locations of a magnetic tape for use in aligning a single 
track read head with each of the tracks defined by the 
signal pattern. The pattern is provided by recording 
two different signals with two write heads so that the 
signals are recorded as alternating strips. The differ- 
ences between the two signals are then used to define 
the each track center. 
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Thus, a major problem with this first approach is that 

MAGNETIC HEAD REC ORDIN G MULTITRACK the track location is dependent upon the hardware since 

SERVO PATTERNS the hardware must accurately locate the zero track 

relative to the reference edge and then, when appropri- 

The present invention relates to accurate servo con- 5 ate, locate a particular track with respect to the zero 

trol alignment of a movable magnetic read head relative track. As a result a user may find it difficult to retrieve 

to each of the tracks of a multi-track magnetic data data from a tape using a tape drive which is different 

storage medium, and more specifically to a method of from the tape drive used to record the data due to in- 

and apparatus for quickly and reliably prerecording compatibilities of the two tape drives, 
servo control signals on a magnetic data storage me- 10 The other type of common head positioning system 

diura for use in accurately controlling the position of a utilizes a prerecorded pattern of tracking or servo sig- 

movable single track magnetic read head relative to na k on track to position the head accurately on 

each track. each track. To record the servo pattern on each track is 

For years the magnetic recording industry has been a ^ mc consuming process requiring as many passes of 

looking for ways to increase the data storage density of 15 f rom beginning to end as there are tracks. This 

magnetic data storage media such as tape, and yet avoid process is very costly with the cost of the prerecorded 

problems such as mistracking. The amount of data to P e depending on the number of tracks and the tape 

stored on a particular sized tape, for example, is a func- length. The time required to record servo patterns on 

tion of both data packing density, how much data can the is dircctlv proportional to the number of tracks 
be packed on each track, and the spacing between 20 for a «P«ctffc length of tape. Typical lengths of tape in 

tracks. Obviously, the closer the tracks, the more data commercially available cartridges are 200 to 600 feet 

that can be stored on a specific length of tape. For Wlth 12 to 32 tracks usuaJ1 V ^8 defined. It is obvious 

example, commercially available magnetic tape for that this method of head positioning yields higher accu- 

serving as a back up to other storage systems such as racy of t™*"* li IS obvious that it is extremely 

hard magnetic disks, or simply used for storing archival 25 Um * consumu Jg word the servo pattern on each 

information, is capable of storing enormous amounts of * ack and muc * mo [ e c ° stl y to Ac ta P e cartridge raanu- 

information. Track widths currently range between facturers as when the first approach is used For exam- 

0.003 and 0.013 inches with narrower track widths less ^JfT," 1 ? " ^ Ving a ! eng ? of 200 feet . ,s P ro " 
than 0.003 inches being tested in the industry. One of w ^ ™ lth 12 recording tracks, the tune required to 

the limitations on increasing storage density beyond 30 rC ^ 0r ?J * *T£ V" 1 ™ «o«d a PP roach at a 

what is currendy possible, particularly on cartridge vdo S* ? *1 mChCS ^ T ^ 0nd Cac , h of * C tracks 

tapes for storing di^al information, is that the read/- W ° M * ™« e A of . 10 ***** P . Ius a , formattm 8 

J£L t-oJo , • *u ♦ ZL * ■ r 1 ■ tune of 311 additional 10 minutes approximately. For 600 

^ JSR I i ?^ ,k * T ^ w 5 ° nng *** *P<* «* 24 recording tracks h would take approx- 

ana reinevmg oata irom tne tapes tend to De inexpen- 35 2 hours to perform the recording of servo Dat- 

ZrV^' ST* nf y t0 tcrns ^ formatting It can be seen therefore that the 

track at a time so that a head positioning servo system cost of such a scrvo ttcm is prohibitive . 

must be provided for moving the head from track to Accordingly, it is a general object of the present 

track resulting in certain tolerances relating to such ■ mvcntioil t0 reduce or substa ntially overcome the 

movement that limit track density. 40 above-mentioned problems of the prior art. 

More specifically, there are presently two common More specifically, an object of the present invention 
approaches for servo ►controlling a single track head u to providc m ^oved technique of precisely re- 
relative to each track of a multi-track tape. One ap- cording a pattcrn of m signals \ r eac h track of a 
proach currently used by a majority of quarter inch tape mu lti-track recording medium in a minimum amount of 
drive manufacturers includes the step of recording a 45 ximt. 

burst signal tfWormation on ow * And another object of the present invention is to 

of the tape. This is the reference or zero track. The zero provide ^ improved technique of recording a pattern 

track is usually identified and denned by a line a prede- 0 f XTVO signals for each track of a multi-track magnetic 

tenmned distance from and parallel to an edge of the recording tape in a predetermined period of time as a 

tape so that the head position servo control moves the 50 function of tape speed and tape length and irrespective 

single track read head relative to the edge to the zero 0 f the number of channels, 

track by the head's relative distance from the edge. The And yet another object of the present invention is to 

head positioning servo control seeks automatically to provide an improved apparatus for carrying out the 

verify its center line with the center line of the zero technique of the present invention, 

track by stepping the read head toward or away from 55 These and other objects of the present invention are 

the reference edge (that is "up" or "down") in micros- achieved by apparatus for prerecording track position- 

teps to find the burst signal at its maximum level. All ing signals on a magnetic recording medium so as to 

other track center lines are then defined by correspond- accurately and simultaneously predefine a plurality of 

ing predetermined distances from the reference track. spaced apart recording tracks on the recording medium 

The distance between the zero track and each of the 60 across the recording width of the medium. The appara- 

other tracks is therefore measured with a tolerance tus comprises: 

depending on the resolution of the stepping mechanism magnetic head means for simultaneously writing a 
for moving the magnetic head. Thus, the number of track positioning signal pattern across the record- 
tracks on the recording medium is dependent upon the ing width of the magnetic recording medium so as 
tolerances of the stepping mechanism, with 9 to 18 65 to simultaneously define the positions of the tracks 
tracks being typical for quarter inch tape. The head on the medium as a function of the locations of the 
positioning servo control moves the head the measured signals on the medium, the magnetic head means 
distance without any verification of accuracy. comprising (a) a first write head for recording a 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



4,996,609 

3 4 

first signal pattern on the recording medium, and FIG. 7 illustrates a technique of defining the center 
(b) a second write head, spaced from the first write lines of the multiple tracks defined by the pattern shown 
head, for recording a second signal pattern on the in FIG. 5 so that the read position of the single read 
recording medium so that the first and second sig- head can be appropriately positioned with respect to 
nal patterns combine to create the track positioning 5 each track; 

signal pattern; FIG. 8 shows an alternative of defining the center 

means for moving the magnetic recording medium lines of the multiple tracks defined by the pattern shown 
relative to the first and second write heads so that in FIG. 5; 

the track positioning signal pattern is recorded on FIG. 9 shows an alternative track positioning signal 
the medium; and 10 pattern recorded on a tape in accordance with the 

means, coupled to the first and second write heads, method of the present invention; 
for generating the first and second signal patterns FIG. 10 shows a partial block and partial schematic 
as the recording medium is moved relative to the diagram of signal generating means for generating the 
magnetic head means. track positioning signal pattern shown in FIG. 9; 

In accordance with another aspect of the present 15 FIGS. 11, 12a, 12b and 12c illustrate a technique of 
invention an improved method is provided for prere- defining the center lines of the multiple tracks defined 
cording track positioning signals on a magnetic record- by the pattern shown in FIG. 9 so that the read position 
ing medium so as to accurately and simultaneously of the signal read head can be appropriately positioned 
predefine a plurality of spaced apart recording tracks on with respect to each track; 

the recording medium across the recording width of the 20 FIGS. 13a and 136 show an alternative track posi- 
medium. The method comprises the steps of: tioning signal pattern recorded on a tape in accordance 

simultaneously writing a track positioning signal pat- with the method of the present invention and also iilus- 
tern across the recording width of the magnetic trates a technique of reading the track positioning signal 
recording medium so as to simultaneously define pattern shown in that Fig.; 

the positions of the tracks on the medium as a func- 25 FIGS. 14c and 14b show yet another alternative track 
tion of the locations of the signals on the medium, positioning signal pattern recorded on a tape in accor- 
the step of writing comprising (a) recording a first dance with the method of the present invention and also 
signal pattern oh the recording medium, and (b) illustrates a technique of reading the track positioning 
recording a second signal pattern on the recording signal pattern shown in that Fig.; and 
medium so that the first and second signal patterns 30 FIGS. 15c and 15b show a partial block and partial 
combine to create the track positioning signal pat- schematic diagram of signal generating means for gen- 
te ™i erating the track positioning signal pattern shown in 

moving the magnetic recording medium so that the FIG. 14 and variations of that pattern, 
track positioning signal pattern is recorded on the In the drawings the same numerals are utilized to 
medium; and 35 refer to the same or similar parts, 

generating the first and second signal patterns as the In accordance with the present invention the appara- 
recording medium is moved. tus used to carry out the method is generally shown in 

Other objects of the invention will in part be obvious FIG. 1, wherein a write head assembly 20 is used to 
and will in part appear hereinafter. The invention ac- record the track positioning signal pattern on the tape 
cordingly comprises the several steps and the relation of 40 22. . The tape is moved over the assembly 20 by appro- 
one or more of such steps with respect to each of the priate means in the form of a tape drive 24 for taking up 
others and the apparatus possessing the construction, the tape after it moves over the assembly 20, and a tape 
combination of elements, and arrangement of parts all feed 26 for feeding tape in a a manner well known in the 
of which are exemplified in the following detailed dis- art. A controller 28 controls the tape drive 24, tape feed 
closure and the scope of the application of which will be 45 26 in a well known manner and provides the necessary 
indicated in the claims. signals to the write head assembly 20 to provide the 

For a fuller understanding of the nature and objects track positioning signal pattern on the tape. As will be 
of the present invention, reference should be had to the more evident hereinafter the controller includes a signal 
following detailed description taken in connection with generator for generating two signals which are applied 
the accompanying drawings wherein: 50 to the tape through two different write or recording 

FIG. 1 is a partial block and partial schematic dia- heads so as to provide the pattern, 
gram of the apparatus of the present invention; More specifically, the write head assembly 20 in- 

FIG. 2 shows a perspective view of the preferred eludes two write or recording heads such as shown at 
embodiment of the write head assembly of the appara- 30 and 32 in FIG. 2. While the two heads 30 and 32 are 
tus illustrated in FIG. 1; 55 shown as two separately mounted components relative 

FIG. 3 shows a perspective view of the preferred to one another, the two heads are preferably mounted 
embodiment of the write head assembly of the appara- on a single housing so as to achieve more accurate regis- 
tus shown in FIG. 1 and modified so as to be mounted tration with the tape 22 as shown in FIG. 3. The first 
in a single housing; recording head 30 is provided with a core 34 defining a 

FIG. 4 shows a cross-section of a portion of a mag- 60 top portion 36 for contacting the tape 22 as the latter is 
netic write head made in accordance with the teachings moved over the head and a coil 38 wrapped around the 
of the present invention; core 34 in a well known manner. A gap 40 is formed in 

FIG. 5 shows a track positioning signal pattern re- the top portion for creating the magnetic field to which 
. corded on a tape in accordance with the method of the the tape is exposed as the tape moves over the top por- 
present invention; 65 tion 36. The magnetic field is provided in response to 

FIG. 6 shows a partial block and partial schematic and as a function of the signal applied to the coil 38. The 
diagram of signal generating means for generating the top portion and gap each have a length dimension L 
track positioning signal pattern shown in FIG. 5; substantially equal to the recording width of the record- 
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ing tape moved over the head (i.e., the dimension of the The widths of the slots 52 and elements 54 are sufficient 

tape normal to the direction 42 of movement of the tape so that the tracks defined by the composite track posi- 

22). As will be more evident hereinafter, the signal tioning signal pattern provided on the tape 22 will be 

applied to the tape by the head 30 as the tape is moved sufficiently close to one another to provide high track 

over the head will be recorded on substantially the 5 density. The spaces between the tracks can be as wide as 

entire width of the tape so as to provide a first recorded the tracks themselves, or narrower if desired, depending 

signal pattern on the tope. The tape is moved over the on the composite signal pattern recorded on the tape 

head 30 first before it is moved over the head 32. and the method of detection. 

The head 32 is identical to the head 30 (in that it For example, as shown in FIG. 5 an example of a 
includes a core 44 having a top portion 46 formed with 10 composite signal pattern is formed by providing a first 

the gap 48, and a coil 50 for providing a magnetic field sinusoidal signal of a first frequency Fi to the coil 38 of 

across the gap 48 in response to and as a function of an the first head 30 so that substantially the entire width of 

electrical signal applied to the coil 50), except that the the portion of the tape recorded with the first signal is 

top portion is notched so as to provide a plurality of provided with this first signal pattern. This first pattern 
grooves or slots 52 disposed between and therefore 15 is indicated by the numeral 62. As this portion of the 

defining the recording elements 54. As such as the tape tape is moved over the head 32 the second signal pattern 

22 is moved over the head 32, after having been moved is formed by providing a second sinusoidal signal of a 

over the head 30, the recorded portions of the tope second frequency F2 different from Fi, e.g., F2=2F]. 

provided with the signal pattern from the head 30 and This signal pattern will be recorded over the first signal 
moved over the slots 52 will remain unaffected since the 20 pattern where the portion of the tape contacts each of 

slots will not contact the tape. The recorded portions of the recording elements so as to form strips of a different 

the tape provided with the signal pattern from the head signal pattern as indicated at numeral 64 from the pat- 

30 and moved over the recording elements 54, how- tern 62. 

ever, will contact the head and therefore will be erased The signals at frequencies Fi and F2 can easily be 
and replaced with the signal pattern provided by the 25 generated as shown in FIG. 6, wherein a single signal 
head 32 in response to a signal provided on the coil 50. generator 66 is turned on and off with an enable signal 
As will be more evident hereinafter, the composite received from the controller 28 (shown in FIG. 1). In 
signal pattern resulting from the first signal pattern the example given the signal generator 66 is a sinusoidal 
recorded by the head 30 and the second signal pattern signal generator for generating the signal at a frequency 
recorded by the head 32 are used to simultaneously 30 of Fi. The signal is applied to the signal amplifier 68, 
define the specific track positions on the tope in an which amplifies the signal before applying the signal to 
extremely accurate manner. the coil 38 of the head 30. The signal provided by the 
The accuracy of the track positions thus defined are generator 66 is also applied to a signal delay 70. The 
in part dependent on the accuracy of the construction of delay is sufficient to take into account the time it takes 
the head 32 and specifically the positions and dimen- 35 for a specific part of the tape to move from the head 30 
sions of the slots 52 and recording elements 54. Both the to the head 32. The delayed signal output from delay 70 
contact and noncontact regions defined by the slots 52 is applied to a frequency shifter 72 shown in the exam- 
and elements 54 must therefore be very precisely pie as a signal multiplier for multiplying the frequency 
formed with relatively low tolerances, eg., not greater by a factor of two. The frequency shifted signal is then 
than 3% of the desired track width. The actual head 32 40 applied to the amplifier 74 which in turn applies its 
can be constructed in accordance with any one of sev- output to the coil 50 of the head 32. As shown in FIG. 
era! methods. For example, recording heads are often 5, numbering the elements 54 and slots 52 consecutively 
made from laminations of magnetic materials bonded from one end of the head 32 to the other end, the result- 
together. Keeping in mind that laminations of magnetic ing composite signal pattern recorded on the tape is a 
materials used in manufacturing magnetic recording 45 series of well defined strips of alternating signal pattern 
heads are rolled with very high precision, slots and 62 and signal pattern 64. Each strip will have its own 
recording elements of 0.002 inch wide each can be made center line which can define the center line of each 
with tolerances of 3% of 0.002 inches. As shown in track, or the common edge between adjacent strips of 
FIG. 4, for example, the non-contact slots 52 can be patterns 62 and 64 can be used to define the center line 
achieved by using copper laminations, indicated at 56 of 50 of the tracks. 

the same thickness as the laminations of magnetic core For example, as shown in FIG. 7, the center line of 

material indicated at 58, typically made of a magneti- each track is defined by the common edge between 

cally conductive material such as a permalloy or ferrite adjacent strips of pattern 62 and 64 as indicated by the 

material, all of which are secured together with layers various positions of a read head 76 as it is moved across 

60 of suitable adhesive. 55 the width of the tape as the portion of the tape contain- 

Another method used to construct the head 32 is to ing the signal pattern is moved over the read head. The 

build a core similar to the core of write head 30 which length of the read head extending perpendicular to the 

records the full width of the tape and remove material direction tape is substantially equal to the width of one 

where the non-contact slots 52 are desired. The material track. In this manner where head 32 includes a total of 

can be removed by electrical discharge, for example, 60 six slots 52 and six recording elements 54, eleven tracks 

with a EDM or electrical discharge machine. The depth will be defined as shown. Obviously, this number can 

of the recessed slots 52 is sufficient so that the the tape vary by using a different number of slots and recording 

portions traveling directly over the slots will be unaf- elements. The center line of each track can easily be 

fected, with a depth of about 0.006 to 0.010 inches being sensed when the frequency output of the read head 76 as 

adequate for the average life of a magnetic head. 65 it reads the portion of the pattern contains both frequen- 

A third method by which material can be removed cies Fi and F2 of equal amplitude. Thus, by sensing the 

from the surface of the recording heads made out of amplitude of the output signal of the read head at these 

metal or ferrite material is by laser etching or grinding. two frequencies a control system can be easily con- 
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structed to control the position of the head based on the pulse outputs Pj and — Pi will be of greater ampli- 

comparison of these two amplitudes. Alternatively, as tude than the amplitudes of the pulse outputs of P2 and 

shown in FIG. 8 the center line of each track is defined -P 2 . As shown in FIG. 12c, the result is opposite when 

by each strip of pattern 62 and pattern 64. In this man- the read head is misaligned so as to detect more of the 

ner the number of tracks will equal the number of slots 5 signal pattern provided by the head 32 than that pro- 

52 plus the number of recording elements 54 so that in vided by the head 30. In the latter case, the amplitude of 

the example given, this will .result m twelve tracks. The the pulses Pi and - Pi will be less than the amplitude of 

center line of each track can easily be sensed when the ^ pulses p 2 . ^ _p 2 . By controlling the position of 

frequency output of the read head is a maximum at the ^ rcad head based on ^ relative 0 f P, and 

frequency F, and a minimum* the frequency F2, or a 10 p 2(and _ Pl ^ _p 2> the rca d head can be servo con- 

minimum at the frequency F, and a maximum at the tolled so M t0 M the centcr line of thc recording 

1 tU^SI ciLoi ™*t c ;« ptti-c n ah Aft havin g a center line defined by the common edge 

The two signal patterns shown m FIGS. 7 and 8 diner kU . • r . . . _ , , 

•~ r — . in. * 1 " " between the stnps of adjacent signal patterns recorded 

as to frequency. The two signals can vary as to phase as b ^ t J[ heads J 30 md £ y 

exemplified in FIGS. 9 and 10 which show the pre- 15 r^^J^ «™ ♦ L a 

ferred signal pattern. More specifically, the two signals, A 0thcr . S1 ? na L? att !? s that use ? ™ shown u m 

identified ihe patterns 78 and 80 respectively, ap£ * C % ^ 2^°^ ^ °? u* 

by therespectiveheads30and32,^ ( °™* by a DC erase signal to one of the 

of pulses but applied to the portion of the tape slightly 38 or 50 * that r f ° rdcd stn ^ of c J^ ed P°^ ons 

out of phase with one another. This can easily be ac- 20 ° f between a recorded signal pat- 

complished as shown in FIG. 10, wherein a signal gen. J™ P rovid *? from thc other Whcrc thc first coil 

erator 82 is adapted to generate a series of pulses. The 38 of head 30 * P rovldcd for example with a sinusoidal 

output of the generator 82 is applied to a first delay 84 s,gna1 ' sccond coil 50 ® P rovid ed with a DC signal 

before being applied to the amplifier 86. The output of 80 3310 erasc the Prions of the tape moving over the 

the latter is applied to the coil 38 of the head 30 as the 25 recordm S elements 54. The resulting signal pattern is 

portion of the tape receiving the signal pattern is moved shown m na 13fl * mih ^ center lines be ing 

over the head 30. The output of the generator 82 is also defined by either detecting the sinusoidal signal at its 

applied to a second signal delay 88 which provides maximum peak amplitude (E 0 ) and its zero value, or at 

sufficient delay to take into account the time it takes for common edge between adjacent strips of recorded 

a specific point on the tape to move from the head 30 to 30 ^formation where the peak amplitude is Eo/2 as shown 

the head 32, and can be adjusted to provide the desired m 

phase delay. The amount of phase delay is at least in In 14 tne pattern shown is provided by record- 
part dependent on detection system used to detect the m 8 the same sinusoidal signal of finite duration with 
signal patterns and provide information regarding the 00111 heads 30 and 32, but delaying one signal until the 
position of the center line of each track. As shown in 35 oth er signal has been recorded so that on the tape the 
FIG. 9 the center line of the track is aligned with the second signal starts at the position where the first signal 
center line of the read head 76 when the center line of ends. This can be accomplished with the writing device 
the latter is aligned with the common edge between shown in FIG. 15, wherein the signal generator 94 pro- 
adjacent strips of the two signal patterns provided by vides a sinusoidal signal for a finite period. The signal is 
the two heads 30 and 32. The resulting timing diagram 40 applied to the delay 96 before being applied to the am- 
of a pulse provided to the two heads is shown in FIG. plifier 98, whereupon the signal is in turn applied to the 
10 where the two are out of phase with one another as coil 38. The signal output of the generator 94 is also 
shown. applied to the delay 100, which in turn provides sufii- 
In this arrangement the read head detects the two cient delay to allow the signal to be recorded by the 
adjacent signal patterns as shown in FIG. 11, where the 45 head 30 and to take into account the amount of time it 
detected signal pattern shown represents an alignment takes the tape to move from head 30 to head 32. The 
of the reading head with the track. For each positive output of delay 100 is applied to amplifier 102, which in 
transition of each pulse of the write signal provided by turn applies its output to the coil 50. When the read 
the heads 30 and 32, the output of the read amplifier 92 head is aligned with the common edge between adja- 
is a pulse of short duration indicated at Pj (for the posi- 50 cent strips of recorded signals of the two signal patterns, 
tive transition of the pulse provided by head 30) and P2 the two signals will be of equal amplitude as shown in 
(for the positive transition of the pulse provided by head FIG. 14. If however, the read head 76 is not properly 
32). Similarly, for each negative transition of each pulse aligned the amplitude of the signal will be greater for 
of the write signal provided by the heads 30 and 32, the one signal than the other as illustrated in FIG. 156. 
output of the read amplifier 92 is a pulse of negative 55 In a manner well known in the art, the servo signals 
amplitude indicated at —Pi (for the negative transition are prerecorded at specific intervals along the tape with 
of the pulse provided by the head 30) and -P2 (for the data being storable in the respective tracks between the 
negative transition of the pulse provided by the head servo signals without erasing the servo signals. In this 
32). As shown in FIG. 12, mistracking can easily be regard each tape drive can include a disabling device 
detected where FIG. 12a shows proper tracking, while 60 for disabling the write portion of the magnetic head 
FIGS. X2b and 12c show tracking off in the respective when the read portion senses the servo signals so that 
directions of the signal pattern provided by the heads 30 the latter will not be erased from the tape as is well 
and 32. More specifically, as shown in FIG. \2b where known. 

the read head is positioned off track so as to detect more In all of the arrangements shown the difference be- 

of thc signal pattern provided by the head 30 than that 65 tween the two types of signals recorded by the write 

provided by the head 32, the amplitude of the pulse heads 30 and 32 can be used to control the position of a 

provided by the head 30 will be greater than the ampli- single read head in a manner well known in the art. 

tude of the pulse provided by the head 32. Accordingly, Thus, the specific detection schemes are not described 



Patent provided by Sughrue Mion, PLLC - http://www.sughnje.com 



4,996,609 

9 10 

in detail. For example, a detector for tracking a center locations where said write head elements record on said 

line up or down is provided in tape drives such as the medium. 

one sold by Irwin Magnetics of Ann Arbor, Mich. 5. Apparatus according to claim 4, wherein said 

The foregoing therefore provides an improved tech- means for generating said first and second signal pat- 

nique of simultaneously recording a pattern of servo 5 terns includes a first signal generating means, coupled to 

signals for each track of a multi-track magnetic record- said first write head, for generating a first signal repre- 

ing tape in a predetermined period of time as a function sentative of said first signal pattern, and second signal 

of tape speed and tape length and irrespective of the generating means, coupled to said second write head, 

number of channels. The apparatus shown in FIGS. 3 for generating a second signal representative of said 

and 4 make the technique easy. The time necessary to 10 second signal pattern. 

record the signals is dgnificantly less than that em- *• Apparatus according to claim 5, wherein said first 
ployed by the prior art techniques. For example, where is a first periodically varying signal and said sec- 
it may of taken one hour to record the servo signals, the ond signal is a second identical periodically varying 
same tape can be recorded in approximately 80 seconds. but out of P hasc with ^ d first periodically vary- 
Since certain changes may be made in the above 15 »8 *> that the position of each of said tracks is 
apparatus and process without departing form the scope defined by the signal phase difference between each 
of the present invention herein involved, it is intended stn P of 531(1 recording medium defined by the recorded 
that all matter contained in the above description or ^ nd P*nodically varying signal and the first penodi- 
shown in the accompanying drawing shall be inter- varyln S of first P attenl recorded 
preted in an illustrative and not in a limiting sense. 20 ^een adjacent strips. 
What is claimed is* Apparatus according to claim 6, wherein the center 

1. Apparatus for prerecording track positioning sig- of each J of tracks is <Jeflned by a corresponding 
nals on a magnetic recording medium so as to accu- common edge between each of sa,d strips of said re- 
rately and simultaneously predefine a plurality of space „ ~f dw * med,um defm f ^^I^^J^ 
apart recording tracks or isaid recording medium across 25 f* 10 ^ var^ng signal and the first penodically vary- 
the recording width of said medium? said apparatus - fin5t - s, S nal P attern recorded between 

compnsmg. g Apparatus according to claim 6, wherein said first 

magnetic- head means for simultaneously wntmg a ^ " ' first ^ of * ulscs and ^ $i ^ „ 

track .Positiomng signal pattern across the record- 3Q ^ond series of pulsei identical to but out of phase 

mg width of said magnetic recording medium so as with ^ first aai £ of puIses 

to simultaneously define the positions of said tracks 9 Apparatus according to claim 6, wherein said first 
on said medium as a function of the locations of signaI ^ a fot sinusoidaJ signal of a predetermined 
said signals on said medium, said magnetic head frequency and said second signal is a sinusoidal signal of 
means comprising (a) a first write head for record- 35 iden tical frequency but out of phase with said first sinn- 
ing a first signal pattern on said recording medium, soidal signal 

and (b) a second write head, spaced from first write 10 . Apparatus according to claim 5, wherein said first 
head, for recording a second signal pattern on said signal ^ a first periodically varying signal of a first 
recording medium recorded oyer portions of said frequency and said second signal is a second periodi- 
first signal pattern so that said first and second 40 cally varying signal of a second frequency different 
signal patterns combine to create said track posi- f rora said first frequency so that the position of each of 
tiomng signal pattern of n alternating steps of said • said tracks is defined by the detected frequency differ- 
first and second signal patterns so as to define at ence between each strip of said recording medium de- 
least n-1 of said recording tracks; fined by the recorded second periodically varying sig- 

means for moving said magnetic recording medium 45 na j and the first periodically varying signal of said first 

relative to said first and second write heads so that signal pattern recorded between adjacent strips, 

said track positioning signal pattern is recorded on u . Apparatus according to claim 10, wherein the 

said medium; and center line of each of said tracks is defined by a corre- 

means, coupled to said first and second write heads, sponding common edge between each of said strips of 

for generating said first and second signal patterns 50 said recording medium defined by the recorded second 

as said recording medium is moved relative to said periodically varying signal and the first periodically 

magnetic head means. varying signal of said first signal pattern recorded be- 

2. Apparatus according to claim 1, wherein said first tween adjacent strips. 

write head is sized to extend and record the first signal \2. Apparatus according to claim 10, wherein the 

pattern substantially across the recording width of said 55 center line of each of said tracks is defined by each of 

recording medium. the center lines of each of said strips of said recording 

3. Apparatus according to claim 2, wherein said sec- medium defined by the recorded second periodically 
ond write head is siz ed to extend and record the second varying signal and the center lines of the portions of 
signal pattern at predetermined and discrete locations said recording medium recorded with said first periodi- 
across the recording width of the recording medium so 60 cally varying signal between adjacent strips. 

that said second signal pattern is recorded as strips over 13. Apparatus according to claim 5, wherein one of 

said first signal pattern with said first signal pattern said first and second signals is a periodically varying 

disposed between adjacent strips. signal of a constant frequency and the other of said first 

4. Apparatus according to claim 3, wherein said sec- and second signals is a constant amplitude signal so that 
ond write head includes a plurality of spaced-apart 65 the position of each of said tracks is defined by the 
write head elements precisely spaced from one another detected amplitude of said periodically varying signal, 
by respective gaps of predetermined dimensions for 14. Apparatus according to claim 13, wherein the 
recording said second signal pattern at said discrete center line of each of said tracks is defined by a corre- 
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spending common edge between each of said strips of periodically varying signal and said second signal as a 

said recording medium defined by the recorded periodi- second identical periodically varying signal but out of 

cally varying signal and the constant amplitude signal. phase with said first periodically varying signal so that 

15. Apparatus according to claim 14, wherein the the position of each of said tracks is defined by the 
center line of each of said tracks is defined by the detec- 5 signal phase difference between each strip of said ra- 
tion of the maximum amplitude of said periodically cording medium defined by the, recorded second peri- 
varying signal. odically varying signal and the first periodically vary- 

16. Apparatus according to claim 14, wherein the fog signal of said first signal pattern recorded between 
center line of each of said tracks is defined by the detec- adjacent strips. 

tion of the maximum amount of said constant amplitude 10 24. A method according to claim 23, wherein the 

signal center line of each of said tracks is defined by a corre- 

17. Apparatus according to claim 16, wherein said spending common edge between each of said strips of 
constant amplitude signal is a DC signal of an amplitude recording medium defined by the recorded second 
so as to erase the corresponding portions of said record- periodically varying signal and the first periodically 
mg medium on which said constant amplitude is re- 15 varying signal of ^ first signal patterT1 recorded be . 
corded. tween adjacent strips. 

18. A method of prerecording track positioning sig- # A method according t0 claim 23. wherein said 
nals on a magnetic recording medium so as to accu- of generating ^ flrst md si , tteras 
rately and simultaneously predefine a plurality of st ep S of generating said first signal as a first 
spaced apart recording tracks on and . recording me- 20 ^rfes of pulses Ld said second signal as a Lond series 

? T f ^ ° f P»lses identical to but out of phase with said first 

method comprising the steps of: r . . 

^S^^^^J^^^S^ * A » ethod to claim 23. wherein said 

tern across the recording width of said magnetic „ r . • . , r , , , . , _ 

recording medium so as to simultaneously define 25 Ste ? ^f generatmg said first and second signd patterns 

the positions of said tracks on said medium as a mclud * he ste f f generatmg said first signal as a first 

function of the locations of said signals on said sinusoidal signal of a predetermined frequency and said 

medium, said step of writing comprising (a) record- xcond as a sinuS oidal signal of identical fre- 

ing a first signal pattern on said recording medium, q^ybut out of phase with said first sinusoidal signal, 

and (b) recording a second signal pattern on said 30 ^ * method acc P r d m g to claim 22, wherein said 

recording medium over portions o f the first signal ? te P of generating said first and second signal patterns 

pattern so that said first and second signal patterns ^eludes the steps of generating said first signal as a first 

combine to create said track positioning signal periodically varying signal of a first frequency and said 

pattern of n alternating strips of said first and sec- second signal as a second periodically varying signal of 

ond signal patterns so as to define at least n-1 of said 35 a s^ond frequency different from said first frequency 

recording tracks; s° tnat tne position of each of said tracks is defined by 

moving said magnetic recording medium so that said the detected frequency difference between each strip of 

track positioning signal pattern is recorded on said said recording medium defined by the recorded second 

medium; and periodically varying signal and the first periodically 

generating said first and second signal patterns as said 40 varying signal of said first signal pattern recorded be- 

recording medium is moved. twecn adjacent strips. 

19. A method according to claim 18,* wherein said 2& A method according to claim 27, wherein the 
step of recording said first signal pattern includes the center line of each of said tracks is defined by a corre- 
step of recording said first signal pattern substantially sponding common edge between each of said strips of 
across the recording width of said recording medium. 45 s^d recording medium defined by the recorded second 

20. A method according to claim 19, wherein said periodically varying signal and the first periodically 
step of recording said second signal pattern includes the varying signal of said first signal pattern recorded be- 
step of recording said second signal pattern at predeter- twecn adjacent strips. 

mined and discrete locations across the recording width 29- A method according to claim 28, wherein the 

of the recording medium so that said second signal 50 center line of each of said tracks is defined by each of 

pattern is recorded as strips over said first signal pattern the center lines of each of said strips of said recording 

with said first signal pattern disposed between adjacent medium defined by the recorded second periodically 

strips. varying signal and the center lines of the portions of 

21. A method according to claim 20, wherein said said recording medium recorded with said first periodi- 
second write head includes a plurality of spaced-apart 55 cally varying signal between adjacent strips. 

write head elements precisely spaced from one another 30. A method according to claim 22, wherein said 
•by respective gaps of predetermined dimensions for step of generating said first and second signal patterns 
recording said second signal pattern at said discrete includes the step of generating one of said first and 
locations where said write head elements record on said second signals as a periodically varying signal of a con- 
medium. 60 stant frequency and the other of said first and second 

22. A method according to claim 21, wherein said signals as a constant amplitude signal so that the posi- 
• step of generating said first and second signal patterns tion of each of said tracks is defined by the detected 

includes the step of generating a first signal representa- amplitude of said periodically Varying signal. 

tiveof said first signal pattern, and generating a second 31. A method according to claim 30, wherein the 

signal representative of said second signal pattern. 65 center line of each of said tracks is defined by a corre- 

23. A method according to claim 22, wherein said sponding common edge between each of said strips of 
step of generating said first and second signal patterns said recording medium defined by the recorded periodi- 
includes the steps of generating said first signal as a first cally varying signal and the constant amplitude signal. 
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32. A method according to claim 31, wherein the tion of At maximum amount of said constant amplitude 

signal. 

center line of each of said tracks is defined by the detec- 34. A method according to claim 33, wherein said 
tion of the maximum amplitude of said periodically constant amplitude signal is a DC signal of an amplitude 
varying signal. 3 so as to erase the corresponding portions of said record- 

„ ' ing medium on which said constant amplitude is re- 

33. A method according to claim 31, wherein the corded. 

center line of each of said tracks is defined by the detec- • * • • • 
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(57) ABSTRACT 

The present invention relates to direct current ("DC") pre- 
erasing servo channels of a magnetic tape prior to writing 
servo data in a servo channel. The present invention par- 
ticularly relates to those servo recordings which were writ- 
ten with a uni-polar current waveform. The DC pre -erase is 
performed using a uni-polar direct current of a polarity that 
is opposite to the polarity of the direct current used to write 
the servo data. This pre-erase may be done with one or more 
heads. Also, as will be described, the pre-erase of a servo 
channel and writing to a servo channel may be done by 
making two passes over a single head or by using two or 
more heads to perform both steps. Also, it is within the scope 
of the present invention to have the heads mounted on a 
single mount or have the heads on separate mounts and on 
separate tape decks. 
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Figure 1 
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Figure 6 
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Figure 8A 
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APPARATUSES AND METHODS FOR 
PRE-ERASING DURING MANUFACTURE OF 
MAGNETIC TAPE 

TECHNICAL FIELD 

[0001] The present invention relates to apparatuses and 
methods for use in the manufacture of magnetic tape. In 
particular, the present invention relates to apparatuses and 
methods for pre-erasing a servo channel of a magnetic tape. 

BACKGROUND OF THE INVENTION 

[0002] Magnetic tape as a data storage medium requires 
the ability to effectively write and read data to data tracks of 
the magnetic tape; many such data tracks typically extend 
linearly along the length of tape and, in part, define tape data 
storage density. In addition, for providing a controlled 
movement of tape reading and/or writing heads with respect 
to the data track, servo tracks, which also extend linearly 
along the length of tape are commonly used. Servo tracks are 
typically written in such a way as to span the tape in an 
efficient manner that maximizes the number of data tracks 
and minimizes the number of servo tracks for a given tape 
system. 

[0003] A servo track contains servo data and is read by a 
servo read head. This information is used to determine the 
relative position of the servo read head with respect to the 
magnetic media in a translating direction (i.e., movement 
across the width of the tape). This is also called the cross 
track direction. To improve positioning of the tape reading 
and/or writing heads on a magnetic tape, apparatuses and 
methods of manufacture to create a servo channel that 
enables the servo data to be read more effectively would be 
helpful. The present invention addresses apparatuses and 
methods to improve a servo control system. 

BRIEF SUMMARY OF THE INVENTION 

[0004] The present invention relates to direct current 
("DC) pre-erasing servo channels of a magnetic tape prior 
to writing servo data in a servo channel. The present 
invention particularly relates to those servo recordings 
which were written with a uni-polar current waveform. The 
DC pre-erase is performed using a uni-polar direct current of 
a polarity that is opposite to the polarity of the direct current 
used to write the servo data. This pre-erase may be done with 
one or more heads. Also, as will be described, the pre-erase 
of a servo channel and writing to a servo channel may be 
done by making two passes over a single head or by using 
two or more heads to perform both steps. Also, it is within 
the scope of the present invention to have the heads mounted 
on a single mount or have the heads on separate mounts and 
on separate tape decks. 

[0005] In one embodiment, the present invention relates to 
a magnetic tape comprising a substrate and a magnetic layer, 
the magnetic tape having at least one direct current pre- 
erased servo channel that includes servo data. 

[0006] In another embodiment, the present invention 
relates to a magnetic tape having at least one servo channel 
that is direct current pre-erased and has servo data written in 
the at least one servo channel. 

[0007] The magnetic tape is made by a method comprising 

writing a servo pattern using a uni-polar direct current of a 
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particular pulse train. Prior to writing a servo pattern, 
erasing the servo channel of the magnetic tape by applying 
a direct current of a substantially opposite polarity to that of 
the servo write current pulse sequence. 

[0008] The present invention also relates to an apparatus 
for use in pre-erasing magnetic tape, comprising a housing 
supporting at least two heads, wherein at least one of the two 
heads includes a gap pattern to direct current pre-erase the 
servo channels on the magnetic tape, wherein the other of 
the two heads includes a gap pattern for recording the servo 
channel that is written after the pre-erase has been first 
recorded. 

[0009] The present invention further relates to an appara- 
tus for use in pre-erasing magnetic tape, comprising a 
compound substrate having at least a first substrate and a 
second substrate, wherein the first substrate includes at least 
one servo pattern and the second substrate includes at least 
one direct current pre-erase pattern, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shows a typical servo track and data track 
organization on the tape. 

[0011] FIG. 2 is a schematic drawing of one embodiment 
of the present invention showing a housing supporting two 
heads with magnetic tape extending over the heads, where 
one of the heads is used to pre-erase with direct current the 
servo channels of a magnetic tape and the other is used to 
record the servo pattern onto the pre-erase servo channels. 

[0012] FIG. 3 is a schematic drawing of one embodiment 
of the present invention showing a housing supporting one 
head with the magnetic tape extending over the head, where 
the head is used to pre-erase with direct current the servo 
channels of a magnetic tape. 

[0013] FIG. 4 shows an exemplary servo erase gap pattern 
on the surface of a surface film head. 

[0014] FIG. 5 shows an exemplary servo gap pattern on 
the surface of a surface film head that may be used to write 
a servo pattern in the servo channel on a magnetic tape. 

[0015] FIG. 6 shows a two head configuration in which 
one head has a gap pattern that would be used to DC 
pre-erase the servo channel and the other head has a timing 
based servo gap pattern that would write a timing based 
pattern onto the servo channel on a magnetic tape. 

[0016] FIG. 7 shows a close-up of the patterns shown in 
FIG. 6. Note that the patterns are matched so that the erase 
track width is substantially the same as the servo track 
width. 

[0017] FIGS. 8A-8B show a portion of a magnetic layer 
and substrate of a magnetic tape and a theoretical output 
signal from a servo pattern on a magnetic tape in which the 
tape and servo channel have been AC erased. 

[0018] FIGS. 8C-8D show a portion of a magnetic layer 
and substrate of a magnetic tape and a theoretical output 
signal from a servo pattern on a magnetic tape in which the 
servo channel has been DC erased prior to recording the 
servo signal. 

[0019] FIG. 9A and 9B show theoretical waveforms for 

relating the magnetoresistive (MR) response curve of the 
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bead, an input field from the magnetic tape, and an output 
voltage signal from the MR head element. 

[0020] FIG. 10 shows a two head configuration in which 
one head is a ferrite MIG head having a gap pattern that 
would be used to DC pre-erase the servo channel and the 
other head is a surface thin film head using the low induc- 
tance, ferrite sub-gap substrate having a timing based servo 
gap pattern that would write a timing based pattern onto the 
servo channel on a magnetic tape. 

[0021] FIG. 11 shows an embodiment of the present 
invention using a compound substrate. 

[0022] FIG. 12 is a schematic drawing of one embodiment 
of the present invention showing a first housing supporting 
one head with the magnetic tape extending over the head, 
where the head is used to pre-erase with direct current the 
servo channels of a magnetic tape and a second housing 
supporting one head with magnetic tape extending over the 
head, where the head is used to write servo data in the servo 
channel of the magnetic tape. 

DETAILED DESCRIPTION 

[0023] The present invention relates to apparatuses and 
methods used in manufacturing magnetic tape. In particular, 
the present invention relates to manufacture of magnetic 
tape that includes servo data in one or more servo channels, 
where one or more servo channels has been pre-erased with 
a uni-polar signal prior to the servo data being written in a 
servo channel. Pre-erasing a servo channel with direct 
current enables the servo read signal representing the uni- 
polar written servo pattern to be stronger than a servo read 
signal in a similar servo channel that is not pre-erased. As 
such, pre-erasing the servo channel during the manufacture 
and formatting of the magnetic tape will provide benefits by 
increasing the signal to noise ration of the servo read signal. 
This in turn can lead to higher areal data storage densities for 
the magnetic tape. However, it is important to note that the 
response of a magneto resistive ("MR") head to this tech- 
nique may be too strong and result in distortion and non- 
linear servo read signals. Hence this technique is to be used 
when the media thickness and M r t ratio has become smaller 
in more aggressive higher density products and when using 
such a technique will not overdrive the MR servo read head. 
Since the result of this technique is to increase the servo read 
signal, it is important to not use it if it will send the read head 
into a non-linear response region. On the other hand, as areal 
densities are ever increasing and typically accompanying 
this the M r t ratio is decreasing, the use of this technique may 
prove beneficial in certain servo systems as tape thicknesses 
continue to decrease. 

[0024] FIG. 1 shows a magnetic tape 10 having data bands 

or data tracks 12 (also, may be referred to as data channels) 

and servo bands or servo tracks 14 (also may be referred to 

servo channels). The data tracks 12 would be the portion of 

tape 10 to which data elements 16 would be written and from 

which data elements 16 would be read. Similarly, servo 

tracks 14 would include servo data 18 which are written into 

the servo track during manufacture of the magnetic tape 10. 

This servo data 18 is used by the servo control system to help 

properly position the read and write heads with respect to the 

data tracks 12. The present invention relates to pre-erasing 

servo tracks 14 with a direct current or uni-polar pre-erase 
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signal prior to writing a uni-polar servo pattern of the 
opposite polarity in the servo track 14. 

[0025] In the preferred embodiment, only the servo chan- 
nels 14 of a magnetic tape 10 are pre-erased by applying a 
uni-polar, direct current erase signal through a precise gap 
pattern in the head. A uni-polar servo pattern is then written 
upon the pre-erased servo channel but in the opposite 
polarity. The servo pattern may be timing based or amplitude 
based or a combination of both. However, the present 
invention will typically be used with a time based pattern as 
timing patterns are typically uni-polar and amplitude pat- 
terns are typically bi-polar. On bi-polar current written or 
recorded servo channels 14, the technique is less effective in 
increasing the signal-to-noise ("SNR") of the servo read 
system. 

[0026] In manufacturing magnetic tape 10, the DC pre- 
erase and the writing of a servo pattern may be accomplished 
using two or more heads or using one head. For instance, in 
one embodiment, a portion of the magnetic tape 10 is first 
passed over a head to perform a DC erase of servo channels 
14 of the magnetic tape 10 and then another head is used to 
write a servo pattern into the servo channels 14 of the 
magnetic tape 10. Alternatively, the same head may be used 
to perform a DC erase of the servo channels 14 on a 
magnetic tape 10 and then to write a servo pattern in the 
servo channels 14 of the magnetic tape 10. That is, in this 
embodiment, the magnetic tape 10 is passed over the head 
to perform a DC erase of the servo channels 14. A pulse is 
applied through the pattern in the head to DC erase the servo 
channels 14 of the magnetic tape 10. Then, the tape 10 is 
passed over the head a second time to write a servo pattern 
into the servo channels 14 of the magnetic tape 10. 

[0027] In one embodiment, two heads are used and are 
mounted into a housing so that an efficient one pass servo 
formatting system may be used. This embodiment is shown 
in FIG. 2. However, each head may be separately supported 
by a separate housing or even a separate tape deck (as shown 
in FIG. 12). 

[0028] With reference to FIGS. 2 and 3, embodiments of 
an apparatus for use in DC pre-erasing a servo channel 14 of 
a magnetic tape 10 will be described. FIG. 2 shows a 
housing 20 with magnetic tape 10 extending across the two 
heads 22, 22\ As shown in FIG. 2, the embodiment includes 
a housing 20 that supports a first head 22 and a second head 
22'. The heads have a first surface 24, 24', a second surface 
26, 26', a first side surface 28, 28', and a second side surface 
30, 30'. The first surface 24, 24' is in contact with the 
magnetic tape 10. The second surface 26, 26' of the heads is 
attached to and supported by the housing 20. In one embodi- 
ment, the heads 22, 22' are mounted to the housing using an 
epoxy. However, the heads may be mounted using any 
suitable means. 

[0029] The heads 22 and 22' are disposed side-by-side 

separated by a predetermined distance L. As shown in FIG. 

2, in one embodiment, the heads 22 and 22' are spaced apart 

approximately 1.0 millimeters ("mm") around the top edge 

29, 29' (i.e., toward the first surface 24) and spaced apart 

approximately 0.80 mm at the bottom edge 31, 31* (i.e., 

toward the second surface 26). It will be appreciated that 

while the distance between the heads is specified, other 

distances may be used. Similarly, the angle A formed 

between the two heads may be varied and even flat contours 
PLLC - http://www.sughrue.com 



US 2005/0168869 Al 



3 



Aug. 4, 2005 



may be used. While FIG. 2 shows the heads 22 and 22' not 
spaced such that the sides 30, 28' are parallel to each other, 
the heads may be spaced in such a manner that the sides 30, 
28' of the first and second heads 22 and 22' are substantially 
parallel to each other in the vertical direction as shown. 

[0030] Any type of head may be used in the dual head 
configuration including, but not limited to thin film heads, 
ferrite based heads, and surface thin film heads. For instance, 
the first and second heads 22 and 22' may be heads with low 
inductance, ferrite sub-gap substrate surface film head struc- 
tures of the type described in U.S. Pat. No. 6,496,328, which 
is hereby incorporated by reference in its entirety, a surface 
thin-film head of the type disclosed in U.S. Pat. No. 6,269, 
533, which is hereby incorporated by reference in its 
entirety, or a ferrite metal-in-gap ("MIG") head. Any com- 
bination of these types of heads may be used when using two 
or more head in implementing an embodiment of the present 
invention. It will be noted that one head will be optimized 
as an erase bead and the other head will be optimized as a 
servo write head. 

[0031] In one embodiment of the dual configuration (as 
shown in FIG. 10), a ferrite MIG head or a surface thin film 
head with a pattern would be used to perform the DC erase 
and a surface thin film head using the low inductance, ferrite 
sub-gap substrate surface film head with a time base servo 
pattern would be used to write a servo pattern on the servo 
channel of the magnetic tape. FIG. 10 shows a ferrite MIG 
head with a pre-erase gap 46 to perform a DC erase with a 
surface thin film head having gap for an amplitude or a time 
based servo pattern for writing to a servo channel 14. As 
shown in FIG. 10, the width of the pre-erase gap is sub- 
stantially the same as the width of the servo pattern. 

[0032] The housing 20 may be formed from any appro- 
priate material including metal. The housing 20 is milled to 
position the heads 22, 22' to the housing. Furthermore, it will 
be appreciated that while FIG. 2 shows a housing that 
includes two heads, a housing having more than two heads 
is within the scope of the present invention. 

[0033] FIG. 3 shows a housing mount 20 that has a first 
head 22. This embodiment may be used when the heads for 
performing the DC pre-erase on the servo channels 14 and 
writing the servo patterns on the servo channels 14 are 
located on different tape decks or this embodiment may be 
used when the same head is used to perform both the DC 
erase on one pass and write the servo data 18 on the servo 
track 14 on a second pass. FIG. 12 shows a first housing 20 
supporting a first head 22 with the magnetic tape 10 extend- 
ing over the head 22, where the head is used to pre-erase 
with direct current the servo channels 14 of a magnetic tape 
10 and a second housing 20' supporting a second head 22' 
with magnetic tape 10 extending over the second head 22', 
where the second head 22' is used to write servo data in the 
servo channel 14 of the magnetic tape 10. 

[0034] FIG. 11 shows an alternative embodiment that may 

be used for more precise pattern combinations than a 

mechanically assembled dual module head pair. FIG. 11 

shows a compound substrate 80. As shown in FIG. 11, the 

compound substrate 80 has a first substrate 81 and a second 

substrate 83. The first and second substrates 81 and 83 are 

spaced apart a predetermined distance L by use of a first 

block 85 to separate the substrates. The first substrate 

includes a pre-erase gap 46 to DC erase a servo channel and 
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the second substrate includes a servo pattern that is written 
in the DC pre-erased servo channel. As shown in FIG. 11, 
the pre-erase gap is ideally substantially the same width at 
the servo pattern. The pre-erase gap may have a slightly 
larger width than the width of the servo pattern. The first 
block 85 separating the compound substrate may be formed 
with ceramic. However, other materials may be used to 
separate the substrates. The substrates may be joined 
together using epoxy. 

[0035] FIG. 11 shows a compound substrate 80 having a 
combination of a surface thin film head (of the type 
described in U.S. Pat. No. 6,269,533) and a low inductance 
surface thin film head (of the type described in U.S. Pat. No. 
6,496,328). Also, while two substrates are joined together in 
FIG. 11, a compound substrate having more than two 
substrates is within the scope of the present invention. 

[0036] The compound substrate in FIG. 11 may have all 
the gaps lithographically printed by a single mask and hence 
all patterns printed on those sub-gaps will have lithographic 
precision to the order of 0.1 microns or better. Hence, the 
compound substrate module may be used for more precise 
pattern combinations than a mechanically assembled dual 
module head pair. 

[0037] The apparatuses discussed with respect to FIGS. 2 
and 3 may contain various servo patterns where one of the 
patterns is for performing a DC pre-erase of a servo track 14. 
FIG. 4 shows an exemplary servo erase gap pattern on the 
surface of a surface film head. While the servo head itself of 
FIG. 5 may be used to pre-erase the tape 10 this would 
require a two pass operation which would be time inefficient. 
However that would be within the scope of the present 
invention. 

[0038] FIG. 4 shows an exemplary servo erase gap pattern 
on the surface of a surface film head. The servo erase gap 
pattern 32 includes a first termination 34 and a second 
termination 36. The terminations 34, 36 may have curved 
portions. As shown in FIG. 4, the terminations 34 and 36 are 
circular. FIG. 5 shows an exemplary servo gap pattern on 
the surface of a surface film head that may be used to write 
a servo pattern in the servo channel 14 on a magnetic tape 
10. FIG. 5 shows a servo gap pattern 38 that is time based. 
The servo gap pattern 38 has a first portion 40 and a second 
portion 40', with each portion 40, 40' having a first termi- 
nation 42, 42' and a second termination 44, 44', As with the 
pattern in FIG. 4, the terminations 42, 42', 44, 44' have 
curved portions, and as shown, have circular terminations. It 
will be appreciated that other types servo patterns may be 
used without departing from the scope of the present inven- 
tion. 

[0039] FIG. 6 shows a two head configuration in which 
one head has a gap pattern 32 that would be used to DC 
pre-erase the servo channel and the other head has a timing 
based servo gap pattern 38 that would write a timing based 
pattern onto the servo channel on a magnetic tape 10, FIG. 
7 shows a close-up of the patterns shown in FIG. 6. Note 
that the patterns are matched so that the erase gap track 
width is substantially the same as the servo gap track width. 
Such a configuration would allow the entire servo track 14 
to be DC erased 

[0040] FIGS. 4-6 show each head having five patterns that 

maybe used to perform a DC pre-erase. Such heads may 
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have the same number of patterns to perform a pre-erase as 
the number of servo channels or servo tracks 14 contained 
on the magnetic tape 10. 

[0041] A pre-erase process may be performed during the 
production of magnetic tape in order to provide a stronger 
signal for reading the servo pattern. FIGS. 8A shows 
magnetic tape 10 with servo track 14, wherein the servo 
track 14 has been AC erased but not DC erased. As shown 
in FIG. 8A, the magnetic tape 10 has a magnetic layer 11 
and a substrate 13. The "M" stands for magnetization and 
shows that a portion 19 of the servo channel 14 is magne- 
tized (e.g., by the writing of servo data). FIG. 8B shows the 
input signal 50 from a tape 10 as read by a read head of the 
servo pattern 14 in such a condition. The amplitude B 
indicates, at least in part, the strength of the signal 50. 

[0042] FIG. 8C shows magnetic tape 10 with servo track 
14, wherein the servo track has been DC erased in accor- 
dance with the present invention. As in FIG. 8A, the servo 
channel 14 has be magnetized by the written servo data. 
However, unlike FIG. 8A, the portion of the servo channel 
adjacent the servo data has been DC pre-erased. FIG. 8D 
shows the input signal 52 from the tape 10 as read by the 
servo read head in such a condition. The amplitude C 
indicates the strength of the input signal 52 from the DC 
pre-erased servo channel is theoretically greater than the 
input signal 50 from the servo channel that was not DC 
pre-erased. A comparison of FIGS. 8B and 8D shows that, 
in theory, the input signal 52 from a DC pre-erased servo 
channel is greater than the input signal 50 from a servo 
channel that has not been DC pre-erased. In one embodi- 
ment, a DC pre-erased channel, in theory, would provide a 
servo read voltage signal twice as strong as an input signal 
from a servo channel that has not been DC pre-erased but 
which had been randomly erased. 

[0043] FIGS. 9A and 9B show a theoretical response 
curve 70 of the MR stripe, a theoretical input signal from a 
tape 71 and a theoretical output voltage 72. The response 
curve 70 includes a peak 73 and a portion that approximates 
a linear region 74. This response curve is sometime referred 
to the cosine squared response as the curve can be modeled 
as AR=(Sp/p)R cos 2 <I>. The angel <I> being the angle between 
the resultant magnetization vector of the MR stripe and the 
applied current direction in the stripe. (6p/p) is called the 
magentoresistive coefficient of the material that makes up 
the stripe. 

[0044] This response curve in turn leads to a voltage 
AV=IAR, where I is the bias current of the stripe. This 
discussion could equally apply to giant magnetoresistive 
("GMR") materials where the response is similar but mod- 
eled as a cosine curve. 

[0045] In general, the output voltage should correspond to 
a waveform shown in FIG. 9A in which the input signal is 
within the linear region of the response curve. However, as 
shown in FIG. 9B, when the output voltage has a "rabbit 
ears"75, that the input signal extends outside the linear 
region and, as shown, to the negative slope of there response 
curve. 

[0046] This condition is not desired. As such, the DC 
pre-erase must be such that the signal output remains within 
the liner region of the response curve. As such, the present 
invention when used appropriately allows for greater volt- 
ages of the input signal while still remaining in the linear 
region of the response curve. 
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[0047] Also, in general, the MR read sensor output voltage 
is a function of the thickness of the magnetic tape. To 
achieve higher linear recording densities the tape thickness 
is generally decreased to maintain magnetic bit cell stability. 
Hence the servo read signals may need to be increased as 
tape thickness decreases. As such, under proper conditions, 
and assuming certain system parameters of higher density 
recordings, performing a DC pre-erase of a servo channel 
enables a stronger signal to be read without going into the 
non-linear region of the MR read elements response curve. 

[0048] In practical operation, a dual head system consist- 
ing of a servo write head and servo DC erase head would be 
used in making magnetic tape. The servo DC erase will erase 
only that part of the medium upon which will be recorded 
the servo format signal. For all practical purposes, the DC 
erase head track widths and the servo format head track 
widths would be the same and they would be matched up 
within certain engineering tolerances. That is, the magnetic 
tape would only be DC erased in the servo track region and 
not in the data track regions. This is because data zones 
should remain ideally AC erased so that the subsequent data 
written thereupon will have the highest possible signal-to- 
noise ration and the data will not be biased by the underlying 
DC erasure. 

[0049] In principle one could wipe the entire tape width 
with a DC erase and achieve the same result on the servo 
track, however that may compromise the subsequently 
recorded data in the data track areas. Hence, while one could 
use a full tape width DC erase head this would not be 
preferred method for reasons that go beyond the scope of 
this document. 

[0050] During manufacture, the magnetic tape would 
move in a transducing direction over the heads. The servo 
channel of the magnetic tape is first pre-erased, and then a 
servo pattern is written in the servo channel 14 (see FIG. 1). 
The resulting magnetic tape 10 would have a pre -aligned 
magnetization of the opposite polarity to that of the servo 
signal. 

[0051] The dual module head system on one mount, the 
dual heads on separate individual mountsor the compound 
substrate head may be used to enable this concept. This 
concept can apply to timing based servo systems, amplitude 
based systems or a combination of both in some more 
advanced servo system. The concept will be most effective 
when the servo write system is uni-polar in nature and when 
the DC pre-erase is made using the opposite polarity. 

[0052] In that the foregoing description of the present 
invention discloses only exemplary embodiments thereof, it 
is to be understood that other variations are contemplated as 
being within the scope of the present invention. Accordingly, 
the present invention is not limited in the particular embodi- 
ments which have been described in detail therein. Rather, 
reference should be made to the appended claims as indica- 
tive of the scope and content of the present invention. 

1. Magnetic tape comprising a substrate and a magnetic 
layer, the magnetic tape having at least one direct current 
pre-erased servo track that includes servo data. 

2. The magnetic tape of claim 1, wherein the servo data 
is time-based. 

3. The magnetic tape of claim 1 , wherein the servo data 

is amplitude based. 
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4. The magnetic tape of claim 1, wherein the servo data 
is a combination of time-based and amplitude based servo 
data. 

5. The magnetic tape of claim 1, wherein the direct current 
pre-erased servo channel provides a greater input signal than 
one that is not direct current pre-erased. 

6. A magnetic tape having at least one servo channel that 
is direct current pre-erased and has servo data written in the 
at least one servo channel, the magnetic tape made by a 
method comprising: 

writing a servo pattern using a unipolar direct current; 

prior to the act of writing a servo pattern, erasing at least 
one servo channel of the magnetic tape by applying a 
direct current of a substantially opposite polarity of the 
servo write current. 

7. The magnetic tape of claim 6, wherein the act of writing 
and erasing is performed using a first head. 

8. The magnetic tape of claim 7, wherein the act of writing 
and erasing is performed using a first head further compris- 
ing providing a head with a time-based servo pattern. 

9. The magnetic tape of claim 7, wherein the act of writing 
and erasing is performed using a first head further compris- 
ing providing a head with an amplitude-based servo pattern. 

10. The magnetic tape of claim 7, wherein the act of 
erasing at least one servo channel of the magnetic tape is 
performed by first passing a portion of the magnetic tape that 
includes the at least one servo channel to be erased over the 
first head. 

11. The magnetic tape of claim 10, wherein the act of 
writing a servo pattern in the at least one servo channel of 
the magnetic tape is performed by then passing a portion of 
the magnetic tape that includes the at least one servo channel 
to be written over the first head. 

12. The magnetic tape of claim 6, wherein the act of 
erasing and writing are performed using two heads. 

13. The magnetic tape of claim 12, wherein the act of 
erasing is performed by a first head and the act of writing a 
servo pattern is performed by a second head. 

14. The magnetic tape of claim 13, wherein the act of 
erasing by use of a first head, further comprises using a first 
head that includes a time based servo pattern. 

15. The magnetic tape of claim 13, wherein the act of 
erasing by use of a first head, further comprises using a first 
head that includes an amplitude-based servo pattern. 

16. The magnetic tape of claim 13, wherein the act of 
erasing by use of a first head, further comprises using a first 
head that includes an erase pattern having a erase gap track 
width that is substantially the same as the servo gap track 
width. 



17. The magnetic tape of claim 13, wherein the act of 
erasing by use of a first head, further comprises providing a 
first head that is one of a thin film head, ferrite based head, 
and surface thin film head. 

18. The magnetic tape of claim 13, wherein the act of 
erasing by use of a first head, further comprises providing a 
first head that is a ferrite MIG type head. 

19. The magnetic tape of claim 13, wherein the act of 
writing by use of a second head, further comprises providing 
a second head that is one of a thin film head, ferrite based 
head, and surface thin film head. 

20. The magnetic tape of claim 19, wherein the act of 
writing further comprises writing at least one of an ampli- 
tude-based and timing-based servo pattern. 

21. The magnetic tape of claim 12, wherein the two heads 
are located on a single mount. 

22. The magnetic tape of claim 12, wherein the heads are 
located on separate mounts. 

23. The magnetic tape of claim 12, wherein the head used 
to erase is located on a separate tape deck from the head used 
to write a servo pattern. 

24. An apparatus for use in pre-erasing magnetic tape, 
comprising: 

a housing supporting at least one head, wherein at least 
one head includes a pattern to direct current pre -erase 
at least one servo channel on the magnetic tape. 

25. The apparatus of claim 24, wherein the heads are thin 
film heads. 

26. The apparatus of claim 24, wherein one head is a 
surface thin film head and the other is a low inductance 
surface thin film head. 

27. The apparatus of claim 24, wherein at least one of the 
two heads is ferrite MIG head. 

28. The apparatus of claims 25, 26, or 27, wherein at least 
one head includes a pattern used to erase pattern each servo 
channel of the magnetic tape. 

29. The apparatus of claim^24, wherein the housing 
supports at least two heads, wherein at least one of the heads 
is used to direct current, pre-erase at least one servo channel 
of the magnetic tape. 

30. The apparatus of claim 29, wherein the pre-erase head 
is a ferrite based head. 

31. The apparatus of claim 29, wherein the head from 
writing a servo pattern is selected from one of a thin film 
head, ferrite based head, and surface thin film head. 

* * * * * 
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